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(54) Planar light source unit 

(57) A transparent planar light leading plate (12) is 
provided adjacent to a light source (13). and a hole (15) 
is formed in the light leading plate (1 2) at a position op- 



posite to the light source (13). The hole (15) has an in- 
verted triangular shape, (^posite sides of the hole (15) 
are provided for reflecting light beams emitted from the 
light source (13). 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a planar light 
source unit for emitting a linear light beam, which unit is 
used in a display having a backlight device. 
[0002] In recent years, the liquid crystal display device 
having the backlight device is used in the notebook per- 
sonal computer, desktop personal computer, and oth- 
ers. 

[0003] Fig. 10 is a perspective view showing a con- 
ventional planar light source unit, and Fig. 11 is a sec- 
tional side view. In the drawings, reference numeral 10 
designates a planar light source unit which comprises a 
transparent light leading plate 1 made of plastic and 
. formed Into a rectangular parallelepiped, and a plurality 
of LEDs 2 linearly mounted on a print substrate (not 
shown) The light leading member 1 has a light dis- 
charge surface la and a light diffusing plane lb. On the 
light diffusing plane lb, a plurality of embossed grooves 
or embossed dots 1 c are formed, so that light is reflected 
from the diffusing plane 1 b to the light discharge surface 
1a. 

[0004] On the light diffusing plane lb, a reflection 
plate 3 made of a white plastic sheet is attached so as 
to reflect the light passing through the light diffusing 
plate lb. 

[0005] The light discharged from the light discharge 
surface la irradiates a liquid crystal display panel 7 from 
the back of the panel. 

[0006] By adjusting the density of the embossed wrin- 
kle or dots 1c, or by changing the shape of the dot 1c, 
it is possible to somewhat equally irradiate the liquid 
crystal display panel 7. In order to equally irradiate the 
panel, the number of the LEDs 2 must be increased. 
However, the increase of the number of the LEDs caus- 
es the manufacturing cost, the size of the unit, and pow- 
er consumption to increase. 

SUMMARY OF THE INVENTION 

[0007] An object of the present invention is to provide 
a planar light source unit which may uniformly irradiate 
an object with a small number of LEDs, thereby reducing 
the size of the unit, the manufacturing cost, and the pow- 
er consumption thereof. 

[0008] According to the present invention, there is 
provided a planar light source unit comprising, at least 
one light source, a transparent light leading plate pro- 
vided adjacent to the light source, the light leading plate 
having a light discharge surface and a light diffusing 
plane opposite to the light discharge surface, an inci- 
dence surface formed in the light leading plate opposite 
to the light source, a V-shaped light reflecting side 
formed on a side of the light leading plate at both sides 
of the incidence surface, at least one hole formed in the 
light leading plate at a position opposite to the light 



source, the hole having an inverted triangular shape, op- 
posite sides of the hole being provided for reflecting light 
beams emitted from the light source. 
[0009] A plurality of light reflecting recesses are 
s formed in the V-shaped light reflecting side. 

[001 0] Each of the opposite sides of the hole is formed 
by a part of a parabolic line surface. 
[0011] The light source may comprise a plurality of 
light sources. 

^0 [001 2] The light leading plate may have a rectangular 
shape, and the light source is provided at one of corners 
of the rectangular shape. 

[001 3] The density of the light reflecting recesses be- 
comes increased toward a side far from the light source. 

IS [0014] The light sources may comprise a light source 
of red, a light source of green, and a light source of blue. 
[0015] These and other objects and features of the 
present Invention will become more apparent from the 
following detailed description with reference to the ac- 

20 companying drawings. 
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Fig. 1 is a perspective view showing a planar light 
source unit of a first embodiment of the present In- 
vention; 

Fig. 2 Is a sectional view of the unit; 
Fig. 3 is an illustration explaining light paths by a 
parabolic surface; 

Fig. 4 is a front view showing light paths in the unit 
of Fig. 1; 

Fig. 5 is a perspective view showing a second em- 
bodiment of the present invention; 
Fig. 6 is a sectional view of the second embodiment; 
Fig. 7 is a sectional view showing a part of a modi- 
fication of the first embodiment; 
Fig. 8 Is a schematic illustration showing a third em- 
bodiment of the present invention; 
Fig. 9 is a schematic illustration showing a fourth 
embodiment of the present invention; 
Fig. 1 0 is a perspective view showing a convention- 
al planar light source unit; and 
Fig. 11 IS a sectional side view of the conventional 
planar light source unit. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 



[0017] Referring to Fig. 1 showing the first embodi- 
ment of the present invention, a planar light source unit 
11 comprises a transparent light leading plate 12 made 
of plastic and formed into a flat plate, and an LED 1 3 of 
^5 white mounted on a print substrate (not shown) as a light 
source. The light leading plate 12 has a light discharge . 
surface 1 2a, a light diffusing plane 1 2b, and a V-shaped 
reflecting side 12c. The LED 13 is located at a central 
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position of the V-shaped reflecting side 12c of the light 
leading plate 1 2. 

[0018] In order to uniformly distribute the light quantity 
on the LED 13, an incidence portion 14 having a senni- 
circular cylindrical shape is formed at the center of the 
V-shaped reflection side 12c in front of the LED 1 3. 
[0019] On the V-shaped reflection side 12c, a plurality 
of reflection recesses 16 are formed. Each reflection re- 
cess 16 has a semicircular cylindrical shape the axis of 
which is disposed in the thickness direction of the light 
leading plate 1 2. The distribution density of the reflection 
recesses 16 becomes large, as the position of the re- 
cess becomes far from the LED 13. 
[0020] The light leading plate 1 2 has a central through 
hole 15 at a position opposite to the LED 13. The hole 
15 has a substantially inverted isosceles triangular 
shape. 

[0021] It is preferable that each side of the triangular 

hole 15 has a parabolic inside surface. 

[0022] The light diffusing plane 1 2b has a plurality of 

embossed grooves or embossed dots 17 as is in the 

conventional unit. The distribution density of embossed 

dots becomes increased toward a side far from the light 

source. 

[0023] On the light diffusing plane 12b, a reflection 
plate or sheet 18 made of a white plastic is attached so 
as to reflect the light passing through the light diffusing 
plate 12b. 

[0024] Fig. 3 shows condition of reflection and refrac- 
tion of light on a parabolic inside wall 20. Light beams 
emitted from a focus 21 are reflected from the parabolic 
inside surface 20 to form parallel light beams. The light 
beam to be reflected must have an incident angle larger 
than the critical angle 0. 

[0025] Referring to Fig. 4, each of both inside walls 
15a of the hole is formed by a part of a parabolic line 
15b. Each of the parabolic reflection surfaces 15a is 
properly selected from the parabolic lines 15b, so that 
light beams from the LED 13 may be reflected without 
uselessness. Furthermore, the LED 13 is located at a 
common focus 22 of both parabolic lines 15b or at a po- 
sition adjacent the focus so that the tight beams are fur- 
ther effectively reflected. 

[0026] However, If the light is entirely reflected from 
the inside walls 15a, the light quantity discharged from 
a region immediately upper portion of the LED decreas- 
es, rendering an irradiated surface dark. In order to re- 
move such a defect, a flat plane 1 5c is formed at a vertex 
of the hole 15 opposite to the LED, so that light beams 
pass through the surface without reflecting as shown. 
[0027] in addition, since the density of the reflection 
recesses 16 is progressively increased toward both 
sides of the light leading plate, the quantity of the reflect- 
ed light is prevented from reducing at both sides. 
[0028] Thus, a liquid crystal display panel 23 is uni- 
formly irradiated by the light discharged from the light 
discharge surface 1 2a. 

[0029] Referring to Figs. 5 and 6 showing the second 
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embodiment of the present invention, three LEDs 25a 
of red, 25b of green and 25c of blue are provided and 
arranged in the thickness direction of the light leading 
plate 12. Other structures are the same as the first em- 

5 bodiment. 

[0030] In accordance with the second embodiment, 
the liquid crystal display panel 23 can be irradiated with 
various colors by controlling the operation of each of the 
LEDs 25a, 25b and 25c. 

10 [0031] Fig. 7 is a sectional view showing a part of a 
modification of the first embodiment. A hole 31 is not a 
through hole, but a blind hole. By changing the depth of 
the hole 31 , the quantity of light discharged from the light 
discharge surface 12a can be changed. 
[0032] Fig. 8 schematically shows the third embodi- 
ment. The light source unit has two V-shaped reflection 
planes 27 laterally arranged. LEDs 28 and holes 30 are 
provided at every corner. 

[0033] According to the third embodiment, a wide sur- 
20 face can be irradiated. 

[0034] Fig. 9 schematically shows the fourth embod- 
iment of the present invention. 

[0035] The light source unit has a light leading plate 
32 having a rectangular shape. An LED 33 and a hole' 

25 34 are provided at one of the corners. 

[0036] According to the fourth embodiment, the light 
leading plate 32 can be made into the same size and 
same shape as the liquid crystal display panel. There- 
fore, the display including the light source unit can be 

30 reduced in size. 

[0037] In accordance with the present invention, at 
least one hole is formed in the transparent light leading 
plate at a position above a light source. Light beams 
emitted from the light source is linearly and uniformly 

35 diffused by reflection and refraction at the hole. By 
changing the shape and the number of hole, the radiat- 
ing direction of the light beams can be properly adjusted. 
[0038] Thus, it is possible to uniformly irradiate a large 
area by a small number of the light sources. As a result, 

40 the manufacturing cost of the planar light source unit can 
be reduced, the unit can be miniaturized. 
[0039] While the invention has been described in con- 
junction with preferred specific embodiment thereof, it 
will be understood that this description is intended to il- 

45 lustrate and not limit the scope of the invention, which 
is defined by the following claims. 



Claims 

so 

1. A planar light source unit comprising: 

a transparent light leading plate; 
the light leading plate having a light discharge 
55 surface and a light diffusing plane opposite to 

the light discharge surface; 
a V-shaped light reflecting side formed on a 
side of the light leading plate; 
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an incidence surface formed at a vertex of the 
V-shape of the V-shaped light reflecting side; 
at least one light source provided opposite to 
the incidence surface; 

at least one hole formed in the light leading 
plate at a position opposite to the Incidence sur- 
face; 

the hole having an inverted triangular shape, 
opposite sides of the hole being provided for 
reflecting light beams emitted from the light 
source; 

The planar light source unit according to claim 1 fur- 
ther comprising a plurality of light reflecting recess- 
es formed in the V-shaped light reflecting side. 

The planar light source unit according to claim 1 
wherein the incidence surface has a semicircular 
cylindrical shape. 

The planar light source unit according to claim 1 
wherein each of the opposite sides of the hole is 
formed by a part of a parabolic line surface. 
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on the light diffusing plane. 

14. The planar light source unit according to claim 1 fur- 
ther comprising a reflecting sheet of white attached 
on the light diffusing plane. 

15. The planar light source unit according to claim 1 
wherein the hole has a flat plane at a vertex oppo- 
site to the light source. 

16. The planar light source unit according to claim 2 
wherein the light reflecting recess has a semicircu- 
lar cylindrical shape. 



IS 17. 



20 



The planar light source unit according to claim 2 
wherein the distribution density of the light reflecting 
recesses becomes increased toward a side far from 
the light source. 



18. The planar light source unit according to claim 7 
wherein the light sources comprise a light source of 
red, a light source of green, and a light source of 
blue. 



5. The planar light source unit according to claim 1 
wherein the hole is a through hole. 

6. The planar light source unit according to claim 1 
wherein the hole Is a blind hole. 

7. The planar light source unit according to claim 1 
wherein the light source comprises plural light 
sources. 

8. The planar light source unit according to claim 1 
wherein the light leading plate has a square shape, 
and the light source is provided at one of corners of 
the square shape. 



9. 



The planar light source unit according to claim 1 
wherein the light leading plate has plural V-shaped 
light reflecting sides, and the light source is provid- 
ed opposite to the incidence surface of each light 
reflecting side. 



10. The planar light source unit according to claim 1 
wherein the light source Is an LED. 



25 19. The planar light source unit according to claim 7 
wherein the light sources are arranged in the thick- 
ness direction of the light leading plate. 
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20. The planar light source unit according to claim 10 
wherein the LED Is a white LED. 



21. 



22. 



The planar light source unit according to claim 12 
wherein the distribution density of the dots becomes 
increased toward a side far from the light source. 

The planar light source unit according to claim 16 
wherein the light reflecting recesses are arranged 
in parallel with respect to the thickness direction of 
the light leading plate. 



11. The planar light source unit according to claim 1 
wherein a plurality of embossed grooves are formed so 
on the light diffusing plane of the light leading plate. 

12. The planar light source unit according to claim 1 
wherein a plurality of embossed dots are formed on 

the light diffusing plane of the light leading plate. S5 

1 3. The planar light source unit according to claim 1 fur- 
ther comprising a reflecting plate of white attached 
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FIG. 3 
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FIG. 5 




FIG. 6 
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FIG. 7 
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FIG. 9 




BNSDOCID; <EP 0962e94Al_L> 



EP 0 962 694 A1 



FIG. 10 

PRIOR ART 




FIG, 1 1 

PRIOR ART 

10 




BNSDOCtO: <EP_09a2Q94Al J_> 



9 



EP 0 962 694 A1 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 30 4211 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document witti indication, where appropriate. 

of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.CI.6) 



GB 2 270 409 A (MOTOROLA) 
9 March 1994 (1994-03-09) 

* abstract; figures 3,6 * 

EP 0 732 679 A (HAYASHI TELEMPU) 
18 September 1996 (1996-09-18) 

* figures 10,11,16 * 

US 5 197 792 A (J.JIAO ET AL.) 
30 March 1993 (1993-03-30) 

* figure 6 * 

US 4 673 254 A (K.KATO ET AL.) 
16 June 1987 (1987-06-16) 

* abstract; figure 5 * 

EP 0 751 340 A (LUMITEX) 

2 January 1997 (1997-01-02) 

*, sentence 1 - sentence 8; figure 7 



1,5,15 



3,8.10 



F21V8/00 



12,17 



18 



TECHNICAL FIELDS 
SEARCHED (lnl.CI.6) 



F21V 



The present searcti repon has been drawn up for aj) ctaims 



Rac* ol Match 

THE HAGUE 



Dal» ol compMion ol Iho saaich 

16 August 1999 



Malic. K 



CATEGORY OF CITED DOCUMENTS 



X ; particularly relevant If taken e 
Y : particularly relevant If comDined with anolfier 

document of the same category 
A ; techrv>togical background 
O : non-written disctosure 
P : intermediale docurnent 



T : theory or principle underlying the invention 
E : earlier patent document, but pubUahed on, or 

after the filing date 
D : document dted in the appHcaUon 
L : document cited for other reasone 

& : member of The same patent family, corresponding 
document 



BNSDOCID: <EP 0962e94AlJ_> 



10 



4 



EP 0 962 694 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 99 30 4211 



This annex lists the patent family members relating to the patent documents cited in lie above-mentiuned European searcli report. 
The members are as contained in the European Patent Otiice EDP file on 

The European Patent Office is in no way liable tor these particulars which are merely given for the purpose of information. 

16-08-1999 



Patent document 
cited in search report 



Publication 
dale 



Patent family 
member<s) 



Publication 
date 



GB 2270409 



EP 0732679 



US 5197792 
US 4673254 



A 

A 



EP 0751340 



09-03-1994 



18-09-1996 



CN 
HK 
US 



1083936 A,B 
1003800 A 
5414598 A 



30-03-1993 



JP 8254963 A 
NONE 



16-03-1994 
06-11-1998 
09-05-1995 

01-10-1996 



16-06-1987 
02-01-1997 



JP 
DE 



62029003 A 
3625767 A 



US 
JP 
US 
US 
US 



5613751 A 
9021916 A 
5618096 A 
5921652 A 
5876107 A 



07-02-1987 
12-02-1987 



25-03-1997 
21-01-1997 
08-04-1997 
13-07-1999 
02-03-1999 



Hi For more details about this annex : see Official Journal of the European Patent Oftice, No. 12/82 



11 



BNSDCXJID: <EP_09e2e94AlJ, 



THIS PAGE BLANK (usFTn> 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the apphcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACKBORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SB>ES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENC£(S) OR £XHmiT(S) SUBMITTED ARE POOR QUALTIY 

□ OTHER: ■ ' ^ . 

IMAGES AJEUE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



THIS PAGE BLANK (uspto) 



